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A METHOD TO INCREASE THE DENSITY OF ANTIGEN ON ANTIGEN 

PRESENTING CELLS 

> , ^- 

Background oQimJaventicn 

This invention relates to presentation of antigen on a ..elf. 

5 Cytotoxic CD8+ T lymphocytes (CTL) recocnize peptides derived from 

enccQBnously processed viral, bactena!, or cellular plains, *n association with major 

histocompatibility complex (MHC) class i molecules (Zinkernacei et al., Advanced 

irnmuno!. 27:51-180, 197Q). CTL epitopes, consisting of 8-10 amine acid long 

seprides, are generated from endogenousiy synthesized c-oteins in the cytosol, enter 

10 [he endoplasmic reticulum where they associate with newly synthesized MHC class 

! molecules, and are then translocated to ^e ceH surface for presentation : , CD8+ T 

coils (Twwnsend si al. : Annu. Rev. Immunol. 7:601-624. :9S9; Monaco, Cel; -■■■~:777- 

''OS, 1992; Yewdeiletal., Adv. in immune!. 52:1-123, : 992), 

Geneiic analysis has played an important role elucids;.:. ig the pathway of MHC 

15 ciass !-rescricted antigen processing a.^d presentation Studies of antigen 

presentation -defective human and murine ceU lines have demonstrated the 

requsr-ment or transporter associated with antioen proc ssing (TAP) proteins to 

iranscort peptides into the endoplasmic reticulum, wnere meir association with MHC 

olass i molecules is a prerequisite for class ! assembly -Townsend et al., Eur. J. 

20 immunogenetics 19:45-55, 1993). Mutagenesis of RMA ceils, a cell line derived from 

the Rauscher virus induced lymphoma of C57BL/6 (h-Z 3 ) origin., and selection for loss 

of MHC class I expression led to the isolation of the mutant ceil line RMA-S. which 

expresses ceii surface MHC class I molecules a: reduced levels This cell line, which 

is deficit in expressing the TAP protein TAP-2, is unable to present endogenousiy 

25 processed MHC class i restrictea antigens to CDr T cells (uunggren et al., J. Exp. 

Med. io2:1745-17S9 ( 1985; KarreetaL Nature 3i9:*75-67S, 1986; Ohien etai., J. 

immunol. '45:52-03. 1990; and Cerundolo ei al., Nature 345:449-455, 1990). 

The presentation of antigen via the MHC class I pathway is mediated by several 

MHC class ! pathway-associated proteins ;n addition to Nne T-.P praams. For 

30 example. cha low molecular weight proteins lMP > and LMP ;erve as >;.:ounits of 

ir,e croteasome. a muiiicataiytic proteinase complex that is thought to degrade ceiiuiar 

proteins in order to generate the peptiass that -^soa.-:- with MHC d?ss ' molecules. 

Once gen-rated, ihe peptides associate with r-sat shoe/ proteins (HSP: e.g., gp 96. 

w HSP e-0, and HSP 70), which act as chaparones to heip transport the peptides iVom 

35 proteasomes n the nascent MHC molecules. 



WO 97/07128 



PCT/US96/13457 



Summary of the Inv ention 
Applicants have discovered that an sntiosn sr. the form of an fvlHC-oinding 
oeptidh; epitope can be presented on a ceil ay inhibitino ^ ;iivity of an MHC class i 
pathway-associated component (e.g., a TAP c"otein or a pr..,teasome} in the ceil prior 
5 tc\contacting the ceil with the antigen. The ceils produced according to this method 

are potent antigen presenting cells useful for stimulating an immune response in vitro 
or in vivo. 

Accordingly, in one aspect, the invention features a me-hoo-for altering ihe 
presentation of an antigen (e.g., aciugex, in the form of a peptide) that is contacted 
• 0 with a ceil: the method entails inhibiting activity of an fvlHC cisss i pathway-associated 

component in the cell prior tc- contacting the cell with the ant;:;en (e.g., oeptide). 
Inhibiting activity of an -MHC class pathway-associated component can b« 
accomplish"-! by Inhibiting expression of ?x\ MHC pathway-associated protein or by 
contacting ihe ceil w : -h a compound (i.e. an inhibitor: ur-;t inhibits the ability of an 

15 MHC cathway-assoc:ated component to perform a natural biologicai function, If 

desired, inhibiting expression of the MHC pathway-associated component can readily 
be accomplished by inhibiting translation of an iVIHC c;ass i pathway-associated 
protein. For example, translation can be inhibited by introducing into a ceii an 
antisense (AS) oligonucleotide nat is complementary 10 a\\ or a portion of a mRNA 

2C encoding the MHC class I pathway-associated protein or by expressing in the ceil an 

antisense gene that encodes an RNA thai is complementary to at! or a portion of a 
mRNA encoding a MHC class I pathway-associated protein. In another embodiment 
of the invention, inhibiting ihe activity of an MHC pathway-associated protein involves 
introducing into the cell a decoy RNA that binds to an MHC class ! paihway- 

25 associated protein and inhibits the func-ion of the protein. 

In yet another emo-cament of the invention, inhibition is accomplished by 
incroducing into the ces-: a ribczyme that specifically cleaves an mRNA encoding an 
MHC class I pathway-associated protein, thereby inhibiting translation of the MHC 
class I pathway-associated pro-sin. In stiii another method, the activity :-f an MHC 

30 pathway-associated component is inhibited by contacting the ceil with a proteasom-? 

inhibitor, such as LLnL MG115. MG132, CEPcSf . CEP*! 508, CEP1512, CEP1513 
or iaciacystin. All of tnese inhibitors are known x-. \'~a an (see, e.g., Hughes et ai. : 
:9S6. J. Exp. Med. 183:1569-1575; Rock et 13*4. Ccii 73:761-771; Yang et ai.. 
1396, J. Exp. Med. ;53:1545-1552: Harding et ai.. ^995. J. irnmuncL 22:1707-1775; 

35 and -cnteany et ai.. Science 268: 72S-73" ;. Acri^or^; compounds can readiiy be 
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icientified as proteasome inhibitors by comparing the aaivlty of putative inhibitors with 
the activity of known proteascme inhibitors. 

Inhibiting the function of one or mere components of the c=.?.ss ! antigen 
processing pathway results in cells deficient in endogenous peptide loading. 
5 Contacting the cei! with an exogenous antigenic peptide results in loading -of empty 

class I molecules and is an efficient method for producing an antigen-presenting cei! 
havina an increased density of antigen (relative to the density of antigen obtained by 
employing the natural MHC class ! antigen presentation pathway).' 

Preferably, the MHC class I pathway-associated component is a protein, sue* as 
10 a TAP protein (e.g., TAP-1 or TAP-2;.. Other preferred MHC class I pathway- 

associated proteins include, nui are no: limited to, IMP 2, LMP 7, gp 96, HSP 90, and 
HS^ 70. If desired, A3 oligonucleotides, AS genes, decoy RNAs, proteasome 
inhibitors, and/or ribosymes ca- be used to inhibit egression of a combination of 
MHC class i pathway-associated components (e.g.. TAP- 1 and LMP 7). Genes 
1 5 encoding MHC class I panway-associsted proteins have been cloned and sequenced 

( vee, e.g.. Trowsdale e: al., 1990 : Nature 348: 741-748, GenBank Accession No. 
X57522; Bahram ai aL 1991, Proc. Natl. Acad. s.d. 88: 10094-'! 0093, Gen3ank 
Accession No. M74447; Monaco et a!., 1990, Science 250: 1723-1726, GenBank 
Accession Nc. M55637; =ind Yang et a!., 1992, J. 8 ; oi. Chem. 267:11659-11572, 
20 GenSsnk Accession No. M90459). 

Examples of preferred antisense oligonucleotides directed against murine TAP-2 
include oligonucleotides having the following sequences: 

5'AGGGCC7CAGGTAGGACAGCGCCAT3' (SEQ 'O NO: 1) sr.i 
5'GCAGCAGGATATTGGCATTGAAAGG3' (SEG ID NO: 2). Examples o: 
25 preferrea antisense oligonucleotides directed against human TAP-1 :nc ; -.,c;e 

oligonucleotides hav.-ng the following sequences: 

5' C G AG AAG CTC AG CC ATTT'A GGG 3' (SEC ID NO: 3) f 
5* C AC AG C CTCCTTCTG G TTG A GTGTCTT3' (SEQ ID NO' 4), and 
S'ATCATCCAGGATAAGTACACACGGTTTS 1 (SEQ !D NC; 5). 
30 These AS oligonucleotides are complementary to nucleotides -S -25, 1428-1402, and 

2214-2188 of human TAP-1. A prefaced antisense oligonucleotide directed against 
human TAP-2 is complementary to nucleotides 117-92 and has the sequence 
5TCTCAGGTCAGGGAGCGGCATGG3' (SEQ ID NO: 6). Portions of these 
cligonucieotides, or longer oligonucleotides that include these sequences, can 2lso 
35 be u-~3d in the invention 
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Any antigenic peptide that is naturally -resented on the surface of an antigen- 
presenting celi can be employed in i'p.e -pvention: Preferably, the antigen is a 
polypeptide that induces a portion of a prae;.- naturally expressed by a pathogen, 
.such as a bacterium or a virus. If desired, th ; antigen can be a tumor-specific -:\g^ 
s., an antigen that is preferentially expressed. or present in a tumor celi compared 
with a non-tumor ceil}. An an-jgen preser.;;ny ceil produced with a tumor-specific 
antigen can be administered to a mammal in a method of treating or preventing 
cancer (e.g., a malignant tumor, a carcinoma, or a sarcoma}. 

Also within the invention is a ceil produced by any rT the me:nods ascribed 
herein. Such a celi car contain an sntisens? oligonucleotide that reduces expression 
of an MHC class i pathway-associated proton (e.g., a TAP protein"; in addition or in 
the alternative, ^ ceil of the invention can contain an antisense gen- chat encodes an 
RNA (i.e.. an antisense RNA) that i..-; complementary eg -ii or a portion of an mRNA 
encoding an MHC cias^ i pau^May-associated prctei- and which anti^nse RNA 
inhibits translation of the mRNA Also induced within tne invention is a ceil chat 
contains a decoy RNA that binds :,:> an MHC c; -3 ! pathway-associated protein and 
Inhibits the function :>f the protein. ;/i ^ddrticn, 'he invention includes 3 ceil thai 
contains a ribozyme that specifica'iy cleaves -;i : ;RNA encoding an MHC ciasi; ! 
oathway-associated protein, and which th-oby inhib-s translation of the MHC class 
i pathway-associated protein. The invention -*so incudes an antigen presenting ceii 
produced by contacting a celt with a proteasome inhibitor and an antigenic peptide. 

A variety or cells can be used in the invention. Preferably, the cell is a 
mammalian cell, such as a human or mouse ce : ; yhe eel! can be a primary cell, or 
it can be a cell of an established cell line. Preiziably. the cell is one of the following: 
- " r lymphocyte (e.g., a RiViA ceii). a B iyrnphocv-e. an adherent or non-adnerem 
sp:enocyte, an adherent or non-adherent peripheral biood mononuclear csil (PSMC). 
a dendritic ce i = e.g. : 3 spieen-derived dendritic ceii, a Lancsrhans'-dendritic ceil a 
follicular dendrite ceii, or a precursor-derived dendritic ceil), 3 macrophage, a 
thymoma celi (e.g., an £L4 cell), or a fibroblast, if desired, a combination of ceils can 
be used In the invention, ^or example, the activity of an MHC -i-ass ! pathway- 
associated component can be inhibited in a mixture of adherent v.d nr • adherent 
PBMC. 

The cei!(s) --if the invention can be administered to ^ mammal, e.g. : in a methoo 
of treating or preventing a pathogen (e.g. ; bac-erium or virus) infection or a cancer 
•n a mammal. Such a cell(s'.. -vhen combine.: -vith a pharmaceutical^ accep:?.oie 
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excipient, provides a vaccine against a prc-m (e.g., a toxin of a bacterium) containing 
the antigen with which the cell was contacted. Accordingly, such a vaccina can be 
used in treating or preventing cancer or a pathogen infection (e.g.. an intracellular 
pathogen infection). 

In one embodiment, a ceil of the invention is allowed to contact a T lymphocyte 
in a method for stimulating cytotoxic T lymphocyte (CTL) proliferation in vitro. The 
invention thus includes a CTL produced, by inhibiting activity of an MHC class I 
pathway-associated component (e.g.. a TAP protein or proteasome in a tell, 
contacting the cell with an antigen, thereby producing an antigen presenting ceil, and 
contacting a T lymphocyte with the antigen presenting ce:J in vitro, thereby producing 
a cytotoxic T lymphocyte. Such a CTL can be administered to a mamma! in a method 
of therapy (e.g.. for treating or preventing infection with a pathogen, or for bating or 
preventing cancer, e.g., ... malignant tumor). 

By MHC : ! ass ; 'pathway-associated" component is meant any of the 
components (e.g., pr^ins or protein complexes) thai function to process cr present 
an antigen on the sur?,=,;e of the cell in association with an MHC class S molecule. 
Examples of MHC class pathway-associated components induce 26S proieasomes 
and 20S proteasomes; components of proteasomes. such as LMP proteins (e.g., 
LMP 2 and IMP 7) also are included. In addition, the term MHC class i pathway- 
associated component -dudes various MHC class ! pathway-associated proteins, 
such as TAP proteins ««.g.. TAP-1 and TAP -2) and heat shock proteins (e.g., gp 36. 
HSP70, and HSP90). 

By TAP protein" is meant any of the ATP-biriding MHC-encoded polypeptides 
(hat translocates antigenic peptides, as described by Momburg et al., for example 
(Momburg etai.. 1994, Ctrr. Dpin. Immunol. 6:32-37). Preferably, the gene snc; : .r ig 
the TAP protein has at least 80%, more preferably 90%, and most preferably 100%, 
sequence identity to the previously reported human or murine TAP-1 cr TAP-2 gsnes 
(see, e.g., Trowsdaie, Bahram. Monaco, and Yang et al., supra i. 

By "decoy" RNA.is meant an RNA molecule that specifically binds an MHC class 
i pathway-associated protein and inhibits or prevents the protein from interacting with 
its normal cellular counterparty, thereby decreasing MHC class ! cell surface 
expression. Such decoy SNA molecules can be isolated and identified with 
previously described Seiex selection procedure, for example (see. e.g., Doudna et a! 
1995, Proc. Natl. Acad. Sc.. 02: 2355-235S). 
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The invention offers several advantages. For examcie, if desired, inhibiting che 
activity of an MHC class 1 pathway-associated component can be accomplished in a 
rapio and transient manner by employing antisense oligonucleotides or proieasome 
inhibitors. The use of prcteasome inhibitors is a particularly convenient method for 
5 producing antigen presenting ceiis living an increased density of antigen. Where 

long-term inhibition of prctein expression is desired, an antisense gene is particularly 
suitable for use in the invenrjon. The invention also provides a means for 
manipulating antigen presentation in cells of any hapiotype in addition, the invention 
can make use of primary ceiis; such cells, obtained from 3 patient or donor can be 
• 10 manipulated in vitrc using the mecnods of the invention, and then be administered to 

a patient. 

Other features and advantages of the invention wsii be apparent from ih? 

following description of the preferred embodiments, and from the claims 

T:-e following abbreviations are used herein 

APC antigen-presenting cei; 

A3 antisense 

BSA .-ovine s---oim albumin 

CTL cytotoxic; lymphocyte 

FACS fluorescence-activated cell sorting 
FC3 fetal calf -serum 

HTC < ..orescein isothiocyanste 

IMP low molecular weight protein 

NP nucleoprotein 
nt nucleotide 
OVA ovalbumin 

PBMC peripheral blood mononuclear cei!{s) 
TAP transporter associated with antigen processing 
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Detailed Description 

The drawings wii! rirst b~ described. 
30 Drawings 

F;gs. 1A-F are s series of FACS-generaied graphs representing MHC class 1 
expression in RMA ceiis treated with TAP-2 AS oligonucleotides. Fig. ' A j s a graph 
obtained -.-vith an isocvoic ccnirol antibody. Fig. IE is a graph reorienting umreatec 
RMA ceiis. Fig. 1C - ■ graph representing RMA cells treated with AS- : Fiq. 1D is 
25 a graph representing KMA ceils treated with AS-2. Fig. 1 E is a grapr -presenting 

RMA cells treated with AS-3. Fig. 1 F is a graph obtainec with RMA oe:ls \rested with 
AS-4. 
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H 35. 2A-F are a series of FACS-generated grapr s illustrating ir.s effect of 
temperature on MHC class I expression in RMA ceils. Fig 2A is a graph representing 
MHC class i expression on RMA-S ceils incubated at 37° C. Fia. 28 is a qraohic 
representation of MHC class I RMA-S cells incubated at 2S° C. Fig. 2C is a graph 
obtained with untreated RMA cells incubated at 37° C. Fig. 20 is a graph obtained 
with untreated RMA cells incubated at 28 3 C. Fig. 2E is a graph representing RMA 
ceils treated with A3-1 at 37' C. Fig. 2F is a graph representing in AS-1 treated RMA 
cells incubated at 28° C. , , 

Figs. 3A-F are a series of graphs representing MHC class I expression on cells 
incubated with MHC restricted peptides. Fig. 3A is a graph representing CON-1 
treated RMA. cells. Fig. 33 is a graph representing AS-1 treated RMA ceils. Fig. 3C 
is a graph representing AS-1 treated RMA ceils incubated v/ith the haplotype mis- 
matched pecf-de MP (H-2IC). Fig. 3D is a graph representing AS-1 treated RMA ceils 
incubated v. h the haplotype mis-matched peptide NP (H -2 '<■). Fig. 3E is a grarh 
representing AS-1 treated RMA cells incubated with the haplotype matched peptide 
NP (H-2lti. Hg. 3F is a graph representing The haplotype matched peptide OVA s'H- 
2K S ). 

Figs. 4A-F h.- .j a senes of graphs depicting MHC cass i expression on B_4 ceils. 
Fig. 4A is a graph obtained with untreated EL4 cells. Fig. 48 is a graph obtained with 
20 CON-1 treated EL.4 cells. Fig. 4C is a graph obtained with AS-1 treated EL.4 cells. 

Fig. 4D is a graoh obtained with AS-1 treated EL4 cells incubated at 28° C. Fig. 4E 
is a graph obtained with AS-1 treated EL4 cells incubated with the haplotype matched 
peptide OVA (H-2K*). Fig. -F is a graph obtained with AS-1 treated EL4 cells 
incubated with the haplotype mis-matched peptide NP (H-2K*). 

Figs. 5A-H are a series of graphs .iepicting iviHC class I expression in 
spienocytes from C57BL/6 mice. Figs. oA and 5B are graphs obtained with 
untreated, unfrsctionated spienocytes incubated at 37 1 Z and 23° C, respectively. 
Figs. ?C and 5D are graphs obtained with AS-1 treated unfractionated spienocytes 
:ncucs;ed at 37 c C and 23° C, respectively. Figs. 56 and 5F are graphs obtained 
50 ,vi;h AS-'- treated adherer-: cells incubated at 37 ~' C and 28° C. respectively. Figs. 

5G and 5H are graphs obtained with AS-1 treats .: non-adherent c-iis incubated at 
3/ c C and 28""' C. respectively. 

ny. 5 is s hectogram representing OVA-specific OIL response;: over a range of 
etfectc -target ratios. Bar 1 represents CON-1 treated RMA ceils incubated with a 
55 haplc- -:,s matched OVA =- ^ptide. Bar 2 represents A3- i treated RMA cells incubated 
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with the hapiotype mis-matched peptide NP (H-2Ka Bar 3 represents AS- 1 treated 
RivIA ceils incubated with the hapiotype niched OVA peptide (H-2K r ). Bar 4 
represents untreated RMA ceils incubated wkn the hapiotype matched OVA peptide. 
Be; 5 represents the TAP-2 deficient RMA-S celis incuba^d with the hapiotype 
5 matched OVA peptide. 

Fig. 7 is a histogram representing OVA-specific CTl responses induced by 
antigen-presenting spienocytes from C578L76 mice. Bar i represents the response 
obtained with A3-1 treated adherent spienccytes incubated with the naplotyp^ 
matched OVA peptide. Bar 2 represents the response obtained w.A-- AS-1 treated 

10 non-adherent spienocytes incubated with the hapiotype m cached OVA peptide. Bar 

3 represents the response obtained with CON-1 treated unfractionated spienocytes 
incubated .vith the hapiotype matched OVA peptide. 3ar ■ ■ represents the results 
obtained v-Ah AS-1 treated unfractionated spienocytes incubated with the hapiotype 
mis-matched NP (H-2K v i peptide. Bar 5 represents the response obtained with AS-1 

15 treated unfractionated spienocytes incubated with the hapiotype ma-chec OVA 

peptide. 

Ags. 8A-B are a pa:f of histograms representing CTL responses obtained with 
AS-1 treated spienocytes incubated with a hapiotype matcher OVA peptide (bar 1), 
or acid-treated spienocytes incubated with a hapiotype matched OVA peptide (bar 2). 
20 Fig. 3A is a histogram representing CTL responses at a rcsoonderstimuiator ratio of 

4:1, F : ;g. SB Is a histogram representing CTL responses at a responcerstimulator 
rai;o of 8:1. 

Fig. 9 is a graphic representation of CTL responses obtained in v o with mice 
inoculated with PBS Ane 1) f EL4 ceils (line 2). E.G7 cells trans recte::. vith the OVA 

25 gene (line 3). AS-1 "reared adherent spienocytes incubated With a hapiciype matched 

OVA peptide (line 4 ;■ AS-1 treated adherent spienocytes incubated with a haolotype 
mis-matched NP peptide Mine 5), CON-1 treated adherent spienocytes incubated with 
■-i hapiotype matched OVA peptide (line 6), acid-treated adherent spienocytes 
incubated with a hapiotype matched OVA peptide une 7), acid-treated adherer:: 

30 splenocyies incubatec with a hapiotype mis-matched NP peptide (line 8), a a - 1 

treated RMA cells incubated vAh a hapiotype mater sd OVA peptide (line 9). or aS-1 
treated RMA ceils incubated with a naoio:ype mis-matcned NP peptide (line 10). 

Figs. 10A-3 are a pair of histogre~:s representing tumor size at 10 and 35 days ( 
respectively, in C57SL/S mice challenged with a -norigenic dose of iive E..37-OVA 

35 cells. Mice represented by each do:, in the figure v.ere inoculated with PES (bar 1), 
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EL4 ceils {bar 2), E.G7-0VA cells (bar 3), AS-1 treated adherent splenocytes 
incubated with a haplotype matched OVA peptide (bar A S-1 treated" adherent 
spienocyres incubated with a haplotype mis-matched HP peptide (bar 5}, or AS-1 
treated RMA cells incubated with a haplotyps matched OVA peptide (bar 6). 

Figs. 11A-B are a pair of graphs schematically representing the induction of 
primary CTL using dendritic cells that were treated with a proteascme inhibitor and- 
pulsed with peptide. The graphs represent the cytotoxicity of CTL thai were produced 
by using as stimulators dendritic cells thst had been treated with a proteasome 
inhibitor and oulsed with antigenic peotide The CTL targets were 72 cells that had 
been pulsed with HCV peptide (Fig. 1 1 A) or EGV peptide (Fig. 113) The CTL assays 
were performed at the indicated effeaor.largai (E:T) ratios. 

The- now follows a detailed description of various parameters of the invention 
~ nd ofthe materials and methods employed in the working examples set forth below. 

Antiss«se Oligonucleotides: The oligc. Peotide that are useful in ihe 
•invention :an be prepared with convention! methoas -or synthesizing- ONA. 
3enerally the AS oligonucleotides to be used in the invention are those that 
destabilize the mRNA of an MHC ciass I pathway-associated protein. AS 
oligonucleotides that are complementary to the region spanning the initiation ccdon 
(i.e., all or a portion of nucleotides 1 £o 25 ofthe coding sequence) generally are 
suitable Jestabilizers. Preferably, the AS cli-onucleoti-- - is complementary to a 
region ofthe mRNA which, based on convention,: methods for predicting secondary 
structure, is not expected to form a complex saoo-idary structure. In the experiments 
described herein, the MULFOLD computer program (Jaeger e: v!., 1989, Proc. Natl. 
Acad. Sci. 86:7706-7710) was utilized to characterize the secondary structure of the 
25 TAP-2 mRNA. 

As *n a:* ^native to predicting preferred v-;niisense oii-on-oieotides. one may 
readily -st on arbitrarily selected oligonucleotide. F^mpies of preferred AS 
ofigonucfeolides are provided in Table 1. Preferaciy. the oligonucleotide is 15 to ■ 
40 nucleotides in length; more preferably, the oligonucleotide is 20 to 30 (e.g., 25) 
30 nucleotides in length. Generally, an oligonucleotide having a GC content of 50 to 
60%. and having no more ••-.in. 3 consecutive guanines Is nraferabie <n order to inhibit 
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secondary structure formation yet allow the formation of ciabie hybrids beiwssn the 
AG Oligonucleotide and ins TAP mRNA. 

TABLE 1 

aTAP-2 1-25 

mTAP-2 nt 315-790 

hTAP-1 nt 46-25 

hTAP-1 nt 1428-1402 
hTAP-L 2214-2183 

hTAP-2 nt 117-95 

if desired, the AS oligonucleotide can be synthesized with modified nucleotides 
(e.g., to increase ;he in vivo half-fife of the AS oligonucleotide). For example, 
modified nucleotides, such as phosohorothioate derivatives, may be i:~ed. For 

15 convenience, AS oligonucleotides prepared by a commercial s-ioplier (e.g.. Oligos 

Etc., \A : !sonvnie : OR) may be used in ihe invention. Oligonucleotides thai are to be 
adde:: to cells in culture can conveniently be ±Aoreo Bi -20° C as a sterile, 10C uM 
solution in serum-free medium. 

The four AS oligonucleotides employ: the working examples si.r--nmarized 

20 below (AS-1, AS-2. AS-3, and AS-4 were synthesized as phosphorothioaie 

derivatives. AS-1 is complementary to nucleotides 1-25 of the murine TAP-2 mRNA 
and has the sequence: -AGGGCC7CAGGTAG-3ACAGCGCCAT3' (SEQ D NO: 1) 
AS-2 is complementary to nucleotides 315-790 of TAP-2 and has the sequence: 
5' G C AG C AGG AT ATTG G C ATTG AAA G G 3' (SEQ ID NO: 2). AS-3 is complementary 

25 to nucleotides 1,085 to 1,063 o r TAP-2 and has the sequence: 

5'GTCTACATCGCTCCA GGGCCTCCTT3' (SEQ 10 NO: 7). AS-4 is complementary 
to nucleotides 1,427-1,402 and has the sequence: 5'ACGAAAAGGA 
GACGTCTTGGAA7TC3" (SEQ ID MO: B). The following working examples 
employed, as a control, the oligonucleotide CON-1, which is identical to nucleotides 
1-25 of TAP-2 mRNA. With the sequence 

• 5TACCGCGACAGGATGGACTCCGGGA3* (SEQ ID NO: 9), CON-1 has the same 
nucleotide content as A3-1 . 

Antisense Genetic Constructs: Expression of a gene encoding an MHO class 
\ c^ihway-associated protein in a ceil can also oe inhibited by introducing an 

35 antisense genetic construct (e.g., plasmid) into the ceil. Such an antisense genetic 

construct includes all or a portion of a gene encoding .*n tViHC class ; pathway- 
sssoclaced protein (e.g., TAP- 1) (the antisense gene) opera'oly linked to a promoter. 



AS OLIGOPEPTIDE SZQ XD. r.O 

3 

5 'sf^GGGCC T CAGGT AGGACAGC GCCAT 3 ' 1 

5 1 GCAGCAGGATATTGGCATIGAAAGG3 ' 

5 ' CGAGAAGC TC AGC CAT X T AGGG3 * ?. 

10 5 1 ATCATCCAGGATAAG T ACACACGGTT T 3 ' r > 

5 * TCTCAGGTCAGGGAGCGGCATGG3 ; 
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and positioned such that expression of the gene produces a transcript that is 
complementary to all or a portion of a naturally-occurring mRNA of an MHC class I 
pathway-associated protein. !n practice, such an antisense gene is positioned 
adjacent the promoter in the "reverse" orientation, relative to the naturally-occurring 
gene encoding an MHC class i pathway-associated protein. Where the antisense 
gene produces a transcript that is complementary to a portion of ihe mRNA. 
particularly useful transcripts are those thai inciude all or a person of the sequences 
that can be used as AS oligonucleotides {e.g.. sequences listed in Table 1). , 

A variety of vectors are suitable for constructing antisense genetic constructs 
Preferably, the vector is a retroviral vector that has a strong promoter for efficient 
expression in a mammalian eel! (e.g. an N2 vector (Armentano et aL 1987. J. Virol. 
61:1647-1650)). If desired, the promoter that drives expression of the antisense gene 
may be a cell- or tissue-specific promoter. Such a retroviral vector encoding the 
antisense gene can be delivered to th« cell in a lipid-mediated fc^nsfectfon method 
(e.g., using 5-20 ug DM \ and 20-50 ug lipid). If desired, the genetic cons^ct may 
be designed to certain sequences for recombination such that ail a a portion of the 
genetic construct Is incorporated into the genome of the mamma! in which expression 
an MHC class i pathway-associated protein is to be inhibited, incorporation of the 
antisense gene into ihe mammaiian cell genome offers the advantage that the 
antisense gene is stabi ■ expressed in the cell, diminishing the need for repeated 
administration of the antisense nucleic acid. Stable incorporation of the antisense 
gene :s particularly desirable where the invention is employed to present an antigen 
on a hematopoietic stern eel! {e.g., for expressing HN antigens in hematopoietic cells 
in a method of treating HIV infection). Various methods for expressing a gene in a 
cell in a method of therap, are known and can readily be adapted for expressing an 
antisense gene in practic:;iy the invention (see, e. : :., U.S. Pat. No. 5.393,346. 
incorporated herein by reference). Introduction of an Antisense 
Oligonucleotide into a Ceil: Art-known methods may be used to introduce an AS 
oligonucleotide into a call. For example, a non-toxic cationic lipid {e.g., 
UPOFECTIN™ (w/w) 0OTMA:DOPE;> may be used to deliver the AS 
oligonucleotide or gene to the celi. In the workirg examples set forth below, turner 
cells (in log phase) or soienocytes were first washed twice in Opti-MEM medium 
(GiBCO, Grand Islanc. NY). -> t culture meca that support cell oro..n ccuic 
substitute for Opti-MEM. The cells then were resuspended in Opti-MEM medium b 
a concentration of 5-10 x 'O 8 cefa/mi, and the ceiis were added to 24-we» or 6-wei! 
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plates. UPOFECTIN™ (1:1 (w/w) OC7MA.OOPE) was used to deliver 
oligonucleotides into ceils according to the method of Chiang e: ai. (1991 J. 8;o; 
Chem. 266:18162-18171). The oligonucleotide and UPOFECTIN™ (vv.v,;. 
DOTMA:DOPE) were added 'to Opi;-MEM medium at the desired concentration and 
5 mixed in a 12 x 75 mm polystyrene tube at room temperature for 20 minutes. The 

resulting oiigonucieoSde-cationic lipid complex was added to the ceiis to achieve a 
final concentration of 400 nM oligonucleotide and 15 pg/mi L!POFECT!N T ^1 :1 (w/w) 
DOTMA:DOPE) ; and the cells were incubated at 37 :t C for 6-8 hours. Generally, an 
oligonucleotide concentration of 2CC-800, preferably 200-500 nt-A is sui?~bie. A 

10 cationic lipid concentration of 10-40 ug/mi is generally appropriate. If desired, the 

DNA and cationic lipid compiex may be incubated w^h the cell for longer tbsn 6 hours 
(e cj., up to 24 or 43 hours) to facilitate formation of the compiex, 

in the beiow fcxamcies, the ceiis were washed fciiowing incubation, and then 
incubated at 28°C or 37 C for 24-48 hours. The ceHs then were assayed by How 

15 cytometry for MHC class i expression; alternatively, the ceiis were used as 3;;mula.:ors 

for induction of a CTL i^sponse. if desired, o^her. non-lipid-bssed methods m^v be 
ijs^d to introduce che AS oiiconucleotldr;- or gene into ceils. Per exs-rjpie, 
eiectrcporation is appropriate; alternatively, incuoating the ceil with s : - :igh 
cor v;:3ntration (e.g... 4-30 uf7; of oligonucleotide is aiso useful for Introducing an A3 

20 oligonucleotide into a ceil. Of course, a comoination of these methods aiso can oe 

used. 

Ribozyme::: inhibition of expression of an MHC class I pathway-associated 
protein in a eel! ,-.ar, aiso be accomplished by introducing into the ce! : a ribozyme that 
is designed to cleave an mRNA encoding an MHC class : pathway-associated 

25 protein. For example, a hammerhead ribozyme can be constructed according [o 

conventions; procedures such that i:he arms flanking the -ammerhead -:f the 
ribozyme .-.re complementary to a portion of the mRNA encoding the MHC class i 
pathway-associated -rotein. Expression of the ribozyme, e.g., from a retroviral vector, 
leads to RNA cataiy-v.-: and cleavage of the targeted RNA sequence ; see. e.g., 

30 Sullenger and C-'-ch. 19S3, Science 262:1555-1569). Preferably .-,e flanking .-..rms 

are 15-25 nucleosides in iength. If desired, the ribozyme can be des : gnea to include 
a r^mmerhead ribozyme having flanking arms that include sequences :orresocnd;ng 
to the preferred AS oligonucleotides. Generally, it is preferred that the f ;~nk:nc a.-rps 
are complementary ::; the 5' most r-j;on of the mRNA encoding the MHC cia~s i 

35 pathway-associ-^ed protein. 
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Decoy RNAs: A decay RNA can be used to inhibit expression (i.e,. She Unction) 
of an MHC class I pathway-associated protein in a cell. Methods for identiryhg decoy 
RNAs for proteins th-c 03 not normally bind RNAs have beer' described (see. e.a. 
Doudna et 3!.. ;995 : -oc. Nat!. Acad. Sci. 2355-2359). Briefly, ? ecoy RNAs are nnsi 
5 selected on the basis of their ability to cind the targeted MHC class I pathway- 
associated protein, in this method, a pool of RNA oligonucleotides having 
approximately *o random nucleotides (withequimoiarA, G, C. sr,d U at each position) 
flanked by pre-selected sequences Is incubated with the taraeted MHC class I 
pathway-associated protein (e.g., TAP-1). RNAs that bind the MHC class i pathway- 
associated srotein are isolated (e.g., by immunoprecipitaticn of the proiein/RNA 
complex) anc, amplified >>.g., using primers complementary >o the pre-i-Jocied 
flanking sequences for cDnA synthesis and transaction). Pref-sbiy, subsequent 
cyc;=s (e.g., 10 cycles) of sdection are performed w-'-r, the resulting rna. Because 
tr:,: initial pool of RNA mciecuiss includes sequences chat are completely random, ail 
pos - ; ble decoy RNAs are screened -vith this method. Decoy RNAs selected with this 
method can re introduced into a ceil (e.g., by expressing the RNA from a retroviral 
vector), and cill surrace expression of MHC class I molecules : -sn be measured as 
described here:;-;. 

Protease-: - inhibitors: A variety of proteasome inhibitors j. e known in the art 
and can be used ir. invention. Preferred inhibitors are those comoc -ds that have 
been identified as inhibiting (or preventing) the ability of a 20S or 26S proteasome to 
degrace proteins that normally are degraded during the process c: presenting 
peptides on MHC mci-cuies (see Rock et a!., 1994, Ceil 78:731-771; Crino et ai. 
1931; Goldberg et 2;., 1932: Hershko and Ciechanover. 1992: Rechsteiner et al., 
1393). Preferably, the proteasome inhibitor is a competitive inhibitor of the hycrolysis 
of Suc-Leu-Lc:. i-Val-Tyr-AMC ;3£Q ID NO: 10) (see Rock et ai.. 1994, Ceii 75:761- 
771). Examples of preferred inhibitors include the peptide -'idehy^s 
-/ ) 



-LnL 



^nd MG " 32: N-Cbz-L-Leu-L-Leu-Leu-H 



Otter prererrsG aroteasome inhibitors include: 
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5tr;.....ture of d: peptide aldehyde orcteasome in- 
hibitors. The Pt iC and MTR. groups are cova^.ntiy linked to 
:/;e nitrogen a: position X v<a the sulfur in.e?.ch compound 
{.".a., a simony! linkage}. 



Also Included is CEP1501. 

'-Vhere a o-oieasome irdbiior is used in the invention, the Inhibitor typicsi:y is 
contacted v;;;h a call at 3 concentration of 1.0 uM to 50 pM. vG132 is a particularly 
potent inhibitor and thus can be used a: concentration as low as :00 nM to vOOO 
nM. orefe--MV 500 to 800 nM. The proteasome inhibitors used in the Invention 
are allowed to remain in contact with the cell for 30 to 120 -mutes befc.--. 7 he eel! is 
contacted with antigenic peptide as describe'.: -erein. cionally, *he c^u can be 
^asfi-ci (e.g., with cell culture media) prior \o jontacfing the ce!; with antigenic 
peptide. 
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Cell Lines: The invention can be used to present antigen on a variety of ceil 
types derived from humans or other mammals (e.g., mice). Generally, cells on which 
MHC class i molecules or HLA determinants are expressed at relative;., high levels 
(e.g., macrophages) are preferred to ceiis on which MHC molecules or HLA 
determinants are expressed at relatively low levels. The cell can be a primary cell, 
or ii may be a cell of an established cell line. Generally, cells that are actively 
endocytic are expected to take up the AS oligonucleotide cr AS gene more efficiently 
than do less endocytic cells. Particularly useful ceils include primary macrophages, 
immature dendritic eel's, and ceils of macrophage derived-cell lines. The RMA and 
RMA-S cells used in the working examples set rorth below are derived from the 
Rauscher leukemic virus-induced T cell lymphoma RBL-5 of CS73L/6 •;'H-2 fe ) origin 
(Ljcnggren et a!., .385, J. Exp. Med. 162: 1745-1759). The working axamples also 
employee primary ceils and EL4 calls (C57BLU. H-2 b , thymoma). 

The ceils used in the invention can be maintained in culture according to 
15 standard procedures, such as those described by Freshney {1987, Cuiture of Animal 

Cells: A .vianual of Basic Techniques, 2nd ec Alan R. Liss, inc., New York. NY). In 
the examples below, ail cells were maintained in DME'Vi supplemented with 1 0% fetal 
calf serum (FCS). 10 mM Hepes, 2 mM L-gluiarnine, and I mM sodium pyruvate. 
E.G7-OVA cells were maintained in medium supplemented with 400 ug/ml G418 
20 (GIBCO. Grand Island, MY). 

Acid Treatment of Cells: In certain of the examples summarized cuiow, the 
cells or the invention were compared with cells that were first treated (i.e., washed) 
with sad and then treated with peptide to increase the density of antigen on the cell 
surface. In these examples, RMA cells or splenocytes (2 x i O 7 cells) were irradiated, 
25 washed. --: then gently resuspended in 5 ml of RPMI 16-') supplemented with 25 
mM HEP63/5% FCS, adjusted to oH 3.0 with concentrated HCI (see, e.g., Current 
Process in immunology, Coiigan et ai., ads. John Wiley & Sens, Inc. , New York, NY). 
The acid-treated cells were centrifuged and immediately resuspended in IIWDM 
medium supplemented with 10% FCS and. 10 uM of the desired peptide. Although 
30 such a comparison is not necessary for practicing the invention, a comparison of the 

cells produced according to the invention with ceiis produced by the acid treatment 
method provides a convenient indicator cf the potency of (i:e., antigen density on) the 
ceiis of the invention. 

Antigenic Peptides: in oracticing the nvention, conventional methods can be 
35 used -o predict, identify, d/or prepare peptides (i.e., antigens or CTL epitopes) that 
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are haplotype mstcned or mis-matched for the cef! that is incubsteci with the peptide 
(see : e.g.. Eng^hard, 1994, Current Opinion in immunology 6:12-23). Generally, a. 
peptide of 6 to -5 amino acids, preferably 3 to 10 amino acios. \n length is suitable as 
an antigen. Examples of antigens presented m varices immune responses are 
provideo in Tabie 2; additional examples are Known in the art (see, e.g.. Engelhard, 
:vjpra;. Presentation of any of these peptides on th^ sur'sce of a celi allows the cell 
to be used to stimulate a C7L response in vitro or in vivo, in the examples described 
below, a synthetic peptide corresponding :c amino acids 257-264 SilNFEKL (H-2 ; K h ) 
(SEQ ID NO: 1 : - of chicken ovalbumin w c .o used as the hsdotype-matched peptide. 
In addition, synthetic peptides corresponding ?o C7:„ epitopes of influenza 
nucleoorotein were L-sed: amino acids 50-57 3DYEGRU (H~2K*) {SEQ ID NO: 12), 
amino acids 1 47-1 55 TYQRTRALV (H-2D- (-SEQ ID NO: 13.;. and amino acids 336- 
374 ASNENMETiV! (H-2D 0 ) (SEQ ID NC, 14} (Engeiharc. 1994, supra). These 
peptides nave unblocked (i.e., free) amino ^nd ca^eoxyl ternv:- -.no may be prepared 
by commercial suppliers (e.g. Research Genetics. Birmingham, AL). The peptides 
were dissolved in serum-free iMDM and stored -20 C C. i>* desired, oth?- standard 
cell cuiturs media may be used in the preparation of the peptides. Generally, the .~\8- 
treated cells are irradiated prior to "pulsing" the cells wW'r. the antigenic pepHde. A 
peptide concentration of 5-100 uM, preferably 5-2C (e.g., 10 uM) is suitable for 
pulsing the celis with peptide. For pulsing the cells Vw'ith peptide, an incubation period 
of 1 to 24 hours (e.g., 4 hours), preferably ■:• to 12 hours, at 28 : C in medium is 
appropriate. 

TABLE 2 

PEPTIDE SPECIFIC ITY SO-JRCS SEQ ID NO 

AA 257-264 SII^rSKL <K-2K b ) chick ovalbumin 11 

Ah 50-57 SOY-!' .?.LI <H-2K*5 influenza nuciaoprocfiin 12 

Aft. 147-155 Trci.rRALV (H-2D^ iu£ ■ uenza nuc.'.3oprci:eir. 13 

AA 365-37 4 ASNENMETM (H-2D n ) influenza nv.cleoproteir V4 



induct:^:- of OVA-speclfic CTL /n vvrro: The ceiis of the i:""*if.-::ior. :sn be used 
0 to stimulate a fl response in vitro. In ;he examples provided ceiow. spienocvtes 
obtained from naive J57BL/5 female retiree breeder m;c:e were first treated with 
;-mmonium chloride Tris buffer (pH 7.2) for 3 i^rrjtes *X 37°C to deplete the sample 
of red blood ceUs. The colls ther were resuspendea in RPMI 540 supplemented 
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with 10% FCS. 2 mM.L-glutamine ( 100 !U/n ;i o-ri:ciU:-\ 100 mq/mi streptomycin, 5 x. 
10' 3 M (3-mercaptoethanol, and 1 mM sodium pyruvate. The sample tnen was 
enriched for adherent cells by two 90-niin'jcs rounds or adherence ?t 37°C. 
Unfractionated spienocytes, adherent ceiis, and non-adherent cells were treated 
separately with the oligonucleotide-cationic lipid complexes to generate stimulator 
ceils for induction of CTL responses. B cells were separated from the non-adherent 
copulation (B and T ceils) by panning on aning coated plates. The ceil population 
remaining after separation of the £ csih was composed of at least S0% 
T lymphocytes, as judged by FACS analysis, "his population of cells was used as the 
responder T ceiis. 

In the following example. ^ tumor cell isnes and spienocytes were treated wifh " 
oligonucleotide and L!POFECTiN rM (1:1 (w/w- DC7MADOPE) as described acevs. 
washed, and then incubate < for 20-24 hours at 23 C C. The ceils were washed • 
resusoended in IMDM supplemented with 10% FCS and Irradiated at 7,500 rad (for 
RMA or RMA-3 ceiis) or 3.000 rad (for spie^cytes). The ceiis men were washed 
once and nrecuitur-d for 4 hours at 28°C in 'MDhA supplr- -Tinted with 10% FCS. } 
r-:M senium pyruvate, 100 ! Li/ml penicillin, 00 nWmi streptomycin, 5 x 10' 5 M p- 
mercapioethanoi and 10 uM OVA peptk:* (or control peptide) prior to use as 
stimulators for CTL induction. Generally, ar antigenic peptide concentration of 5-100 
pM. preferably 5-20 jjM, is suitable. ' 

Naive T cells isolated from C57BL/6 spleens were resuspended in complete 
iMDM medium at 5 x 10 e cells/ml and used as responders fcr primary OVA-specific 
CTL induction in vitro. A constant number of T tells ;5 :. IG 5 C9l(s/100 pi) were 
-jltured for 5 days at 37° C with stimulators ;-.n 100 at various responder to 
■insulator (R/S) rotios In 96-weil U-bottom tissue oMme plates. Effectors were 
harvested after 5 days of culture on a HISTOPAQU£ TlV 1Q83 gradient, which contains 
ticon, type 400, and sodium dia-nzoate at a density of 1.083 : '3igma s St Louis, MO). 

Cytotoxicity Assay: The ability of antigen-presenting ceiis to simulate a 
specific CTL response can be measured by assaying the ability of effects cells to 
lyse target celis. Other commonly used cytotoxicity assays may be substltuteo ror the 
europium r-lease assays employed in the following working examples. Here, 5-10 
x :Q n target cells were labeled With europium ciethyienetriamine pentaacetate for 20 
minutes at 4°C. After several washes, 10' eurcoium-labeied targets and serial 
dilutions of effector ceils at an effectortarget ratio ranging from 50: i to 8.25: 1 were 
incubates t, 200 p! ofRPMI 1640 with 10% heat-,naciivated PCS in SS-well U-bottom 
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plates. The piates were centrifuged at 500 x g for 3 minutes and then \nci:o^-.ec at 
37'' C in 5% C0 2 for 4 hoi--z. A 50 pi aliquot of the supernatant was collect.--], and 
europium release was measured by tims resolved fluorescence (Volgmann s: a;.. J. 
immune!. Methods 118:45-51 , 198S). The spontaneous release of europium was less 
5 tt^an 25%, and the standard error {$£) of the means of triplicate cultures was less 

than 5%. 

Flow Cytometry Analysis: Ceii surface expression of MHC class ! molecules 
can be detected by flow cytometry nf ceils stained with appropriate antibodies. Jhe 
working examples set forth beiow employed the following monoclonal antibodies: 
1 10 purified anti-mouse H-2D £ (clone 23-8 6), FITC conjugated anti-mouse H-2K 3 'clone 

AF6-88.5), FITC conjugated anti-mouse H-2K* (clone AF3-12.1), and FITC 
conjugated anti-mouse H-2K 3 (SF1-1.1). A;i of these antibodies are commercially 
available (e.g., from Pharnvngen, San Diego, CA}. Antibodies for detecting cell 
surface expression of HLA determinants in humans also r.re commercially available 

15 (e.g.. :rom Becton-Oicklnson). The example:; also employed a F!TC conjugated 

F(ab')2 fragment of conkey- ant; -mouse igO fH+L) (Jackson ImmunoResearch 
Laboratories, West Grc.c. PA). 

In the following working axampies. approximately 1G 6 ceils were incubaied in PBS 
containing 3% bovine serum albumin (BSA) with the appropriate concentration of the 

20 primary antibody for 30 minute; or 4 C C. The ceils were washed and, if necessarv 

incubated for 30 minutes on -ce with the secondary antibody, then washed and 
resusoended in PSS with 3% SSA. As a control, the cells were stained with isotypic 
antibodies. MHC class i expression was analysed on a FACScan fluorescence 
activated cell sorter (Becton Dickinson & Co., Mountain View, CA). 

25 Mice: The working examples oescribed below employed five- to seven-week o;d 

C573L/6 mice (H-2 b )' obtained from Jackson laboratories (Bar Harbor, ME). When 
live tumor cells .vere injected into these mice, =hese mice provided an animal model 
of tumorigenesis useful in assaying the ability of the cells of the invention to provide 
protection against tumor formation. Mice of other hapiotypas may also be used in 

30 practicing the invention. For s; -impie, BALB/c mice provide an H-2 d background end 

CBA mice provide an K-2 k background. 

The following working examples are provided to illustrate, not limit, the invention. 



clx'amoie i: inhibition of TA P -2 F unction With TAF-2 An ti sense OliGonucieotic :-s 
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Tc demonstrate that A3 oligonucleotides directed sgainst an MHC class I 
pathway-associated protein can inhibit gene function and produce 2 biologically 
relevant phenotype in ceils, we characterized the phenotype cv" RM A iransfected 
with TAP-2 AS oligonucleotides, in an initial experiment, cne A3 oligor.^cieoiides AS- 
1, AS-2, AS-3. and AS-4 were introduced, separately, into RMA ceiis, using the lipid- 
mediated transfectian method described above. Flow cytometry then was used to 
produce a graph representing celi surface expression of MHC class i molecules on 
the treated ceiis. As a negative control, RMA ceils were stained with an isotypic 
aniihody (Fig. 1 A); a FITC-labeled antibody was used as a positive control (Fig. 16). 
The data summarized here provide evidence that approximately 30% of the RMA ceiis 
that were treated with AS-1 or AS 2 exhibited a decrease in ceil surface expression 
of MHC class ! (Figs. 1C and ID, respectively}, in contras:. RMA cells that we- 
treated with A3-3 or AS-4 die not exhibi; a decrease in MHC class I sxoression in 
these experiments, su jesting enst :hey did not destabilize the TAP-2 rnRNA (Fig- 
1£ and 1F ; respectively). Thus, this example illustrates that AS-1 and ,-.G-2 are 
capable of inhibiting ceH surface expression of MHC ciass ! molecules. 

To provide addition-i evidence that TAP-2 AS o.igonucisoiides are able to inhibit 
expression of the TAP-2 gene in a biologically relevant manner, ceiis r -sated with 
TAP-2 AS oligonucleotides were compared with RMA-S cells, a mutant ceil line that 
is deficient in expressing TAP-2 and thus deficient in MHC ciass 1 expression. As has 
previously been reported, when RMA-S ceils are grown at 37° C t ceii surface 
expression of MHC ciass I molecules is essentially undetectable (Fig. 2A) (Ljunggren 
et a!., 1990 ; Nature 346:476 -480). However, MHC elass I expression can be restored 
in RMA-S ceils by growing them at a reduced iemperz&re (Fig. 23). tn contrast to 
MHC expression in the mutant ce!i line, expression of MHC ciass i molecules on wild- 
type RMA ceiis does not differ at The tvvo temperatures ;Figs. 2C ar:d 2D). The data 
provided herein demonstrate that wild-type RMA ceils that are treatea with the TAP-2 
antisense oligonucleotide AS-1 exhibit a phenotype that is comparable to that of the 
TAP-2 deficient RMA-S cells. In this example.. 50-55% of the RMA ee ls treated with 
AS-1 exhibited a decrease in MHC class i expression at 37= C (Fig. 2£). As is the 
case for the TAP-2 deficient RMA-S coils, restoration of MHC 033s i expression in 
AS-1 -treated RMA ceils is restored by growing the ceiis a; 28 c 0 (Fie. 2F). 
Acccrdingiy, these data provide evidence thai a TAP-2 AS oligonucleotide can be 
used to inhibit expression of MHC ciass i molecules on the surface of RMA cells. 
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in yet another assay, we demonstrated that, as is ine case for MHC ciass i 
egression on RMA-S ceiis, MHC ciass ! expression on A3-1 -treated RMA ce!is can 
oe restored by contacting the ceiis with an MHC ;-,apictype-matched peptide, in this 
example, hA^-C class ! expression on RMA ceils grown at 37 s C ,:nd treated with AS-1 
5 was decreased by approximately 40% (Rg. 3B). The contra; A3 oligonucleotide, 

CON-1, had no effect on MHC expression (Fig. 3A). incubation of AS-1 -treated RMA 
ceiis with the ftaplotype-miamatched peptides NP (H-2K d ) (Fig. 3C) or NP (H-2K*) 
(Fig. 3D) did net res-ore MriC ciass ! expression, in contrast, incubation of AS 7 1- 
treated RMA ce!!s with the hgplorype-mgicned peptides NP :H-2D J ) (Fig. 3E) or NP 
*10 (H-2K b ) (Fig. 3F} ( did restore MHC ciass ! expression. In i,;m. the data s-rt forln 

above demonstrate that treatmerii of RMA ceils with the TAP-2 AS oligonucleotides 
confers a phe-: :Ot> ;*e on the cev; that closely resembles that of -?iV!A-S cci : s. a TAP -2 
mutant ceil iin v 

Example II: Use of TAP-2 AS Oligo nucleotides to Inhibit MHC C^ss ! E,y-:.^ssion on 
15 EL4C§j!5 

This workir • example provides evidence >hat -3 oligonucleotides czn also be 
used to inhibit ■ - HC class i expression on the sur;:ce of EL-^ ee!hs : an established 
thymoma eel: iir ;s cf C573L/6 origin (H-2 : n. Treatment of EL4 ceiis with AS-1 resulted 
in a reduction in MHC class ■ expression in 30 to 60% of the cells (compare Fig. 40 

20 with Fig. 4A). in -.;ontra:u, treatment of EL4 ceils ^y;h CON-1, the Control 

oligonucleotide, did not affeA MHC ciass i expression (compare Fig. 4B with f'-g. 4A). 
In addition, this example demonstrates that r»>l! surface expression or MHC class I 
molecules on AS-1 lasted EL4 ceiis could be restored by incubating the cells at 23= 
C (Fig. 4Q). MHC class ; expression couid aiso be restored by contacting the -,s!is 

26 with the hapicrype-matched peptide OVA H-2K" (Fig. 4E), -./niie treatment of the ceils 

with the haploiype mis-matched oeptide, NP H-2K k did not restore MHC class ! 
expression (Fig. 4F). in sum. these daia shew that a TAP-2 AS oligonucleotide is 
able to innibit MHC ciass I exoression on a second ceii type. 

E xample ;il: Use cf TAP-2 Ant iser.:; e Oligonucleo tides to inh ibit MHC Expression on 
30 Prima ry Ceiis 

The following data prcv-oe evidence that AS oligonucleotides can be ■ -?cd io 

inhibit MHC express-on on the surface of primary ceiis. in ■.;->•?> example, spienoevtes 

were isolate-: from C57SL/C mice and incubated at 37 ,r C or 23° C (Figs. 5A and 5B : 

respectively;. Approximately 30° ' of the C576L/5 ceils that w treated with AC~i 
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at 37 3 G exhibited a decrease in MHC class I expression (Fig. 5C). As was the case, 
for MHC expression on RMA ceils and EL4 cells, expression of MHC class ! 
molecules could be restored by growing the ceils at 28° C (Fig. 5D). 

To determine whether A /VI inhibited MHC expression more efficiently in certain 
splenocytes than in others., the sample of splenocytes was fractionated into -dherent 
and non-adherent populations, as described aoove. The adherent population was 
composed primarily of £ : jtigen-presenting cells such as monocytes/macrophages and 
dendritic cells. The non-adherent population was composed of T and B lymphocytes. 
Of the adherent population, over 50% of the cells showed a decrease in MHC class 
i expression when treated with AS-1 (Fig. 5E). As is the case for MHC expression on 
the other AS - 1 treated calls and RMA-S ceils, cell surface MHC expression could be 
restored in these AS-1 treated adherent cells by incubating irvn at 2S' : C (Fig. 5F). 
'■■'HO class ! expression o>< non-adherent cells was also Innibced oy AS-1. although 
a smaller oercentac : of the ceiis were affected (Fig, 5G). incubaricn of these AS-1 
15 treated non-adherem ceils at 28° C also restored MHC. class ! expression (Fig. 5H). 

The dif^^ence in inhibition of TAP-2 in adherent cells versus non-adherent cells is 
thought to be due to the difference in their ability to take up :he AS oligonucleotides, 
with ceils In the adherent fraction being more phagocytic, and thus likely to take up 
more of the AS oligonucleotide than are non-adherent cells. These experiments 
20 demonstrate that AS-1 -treated primary splenocytes. and adherent ceiis in particular/ 

display a phenotype that is comparable to that of cells that are deficient in their ability 
to express TAP^2. These results also indicate that primary cei:s isolated from a 
mamma! {e.g... c= numan) can be engineered to b£ potent antigen-presenting cells. 
Indeed, we also observed a similar down regulation of MHC expression when human 
25 precursor-derived dendritic cells were treated with TAP-'- or TAP-2 AS 

oligonucleotides having the sequences of SEQ ID NOs: 3, 4, 5, or 6. 

Example IV: ,_,Use_of AS Oiis onucleotide-treated RMA Ce ii" r C induce a CTi 
Response An v ro 

The following ex;- : -.vole demonstrates that cells that are treated with TAP AS 
30 oligonucleotides and then incubated with haplotype-matched peptides serve as potent 

stimulators of a C"L response in vitro, in this example, splenocytes were treated with 
AS-1 and then incubated st 2B ; C with an ovalbumin (OVA) peptic^ as •$ described 
above. These ceils were used as stimulators at a resoonder: stimulator ratio of 4:1. 
"he resulting erfector cells then were assayed for their ability to !vse target ceils 
35 exoressing an OVA peptide. In this case, the target ceils were E.G7-OVA ceiis, which 
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are EL4 ceils transferee with the OVA gene. These assays were cerformed at four 
different ratios of effec-ontarget cells. As a positive control, the TAP -^-deficient RMA- 
S ceils were incubated with the haplotype-rnatchn : OVA peptide and Lien used as 
o-imuiators. At each effector: target ratio, the AS- : Treated RMA cells incubated with 
5 ih* haplotype- matched OVA peptide stimulated a potent CTL response (Fig. 6, oar 

3^ that is .comparable to the response produced by RiviA-S cers (Fig. 6, bar 5). In 
contrao:, nc CTL response was induced by (a) RMA cells rhat were created with the 
control oiigcnucieotide CON- 1 and the OVA peptide (Fig. c. bar 1), (bl RMA cells tijat 
were trearsd with AS-T and an influenza nucleoprorein peptidr; (Fig. 6, bcr 2), or (c) 
'10 RMA cells that were treated with the OVA peptide but not treated with an AS 

oligonucleotide (Fig. o, bar 4). As an additional ccncroi, EL4 cells were used as 
ic gats, and no CTL activity was detected. In sum. ;:h;c example demonstrates that 
• he invention provides an efficient method for -nduci-^g a CTL response in vitro. 

E^aioleAcJ^ n CTL 

£ c^oonse Li-Wm 

The following example demonstrates mat primary spisnocytss created with AS 
oligonucleotides also nerve as potent stimulators of CTL r-esoonses. Here, 
spienoevtes were treated with AS-1 then incubated wen the OVA peptide. The 
stimulated CTL then wee: assayed for their ability to lyse E.G7-OVA cells at four 
different effector:- arget ratios. In addition, the adherent and nonadherent fractions 
of spienocytes were assayed for the ability to stimulate CTL. Adherent splenocytes 
treaxed with AS-1 and incubated with a haplotype-matched OVA peotide were potent 
stimulators of CTL (Fig. 7, bar 1). Unfracticnaied spienocytes and non-adherent 
spleno cytes treated with AS-1 and the OVA peptide aisc -vere able to stimulate c CTL 
response (Fig. V\ cars 5 and 2, respectively), in contrasn splenocvces iteated with (a) 
the cor;:-! oligonucleotide CON-1 and the OVA oectide or (b- AS-1 and an influenza 
rujclecprotein peptide did not significantly stimulate CTL v Fig. 7, bare 3 and 4 : 
r-escectively) Thus, these experiments provide science thai enmary ceils can be 
usee 1 In the negation to produce antigen-presenting c* ! !s that ;n T :oe a CTL response 
in vitro. 

E*2f_ , vi: Comp arison of AS Oliqonucleotide-c reateo :eli s with d-T reated Cells 
A orevicusiy described method to increase the dervmy antigen ...n :he surface of 
ceils umpioys a mild acid wash to remove the resident peptides jound \o MHC class 
i moiecuiss. The resident peptides are then reoiaced with preferred antigenic 
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peptities (Langiade-Demoyen et al.. Internationa! immunology 5:1759-1766, 1994). 
These acid-treated ceils are able to stimulate a primary CTL response in vitro. Using 
acc-treated cells prepared as described above, we made a comparative assessment 
of the antigen-presenting capabilities of cells treated with TAP AS oligonucleotides. 
These experiments were performed at two different responder:stimulator ratios: (a) 
3.1 (5 x 10 9 naive T cells mixed with 6.125 x 1? sptenocytes), and (b) 4:1 (5 x 10* 
naive T ceils mixed with 1 .25 x 10 s ssfenocytes). The ratio of effectortarget ceils 
ranged from 12.5:1 to 50:1. As in othe examples, the target cells were E.G7-OVA 
cells, which express OVA peptides. At a responder.otimulator ratio of 4:1. the AS-1 
vsated ceiis were more effective than, or comparable to, the acid treated cells in 
stimulating a CTL response (Fig. 8A). At a respcnderrstimulatar ratio of 8:1. the add- 
treated cells showed a decreased ability to stimulate a CTL response (Fig. 88, bar 2). 
whiis the A3-1 treated ceils remained cotent -.timuiators ..-ig. 8B, bar 1). Overall. 
:nese data orovide evidence that cells treated with a TAF-i antissnse oligonucleotide 
are mora elective than acid-treated cells in Emulating a CTL r^ponse, indicating 
that the antigen presenting ceiis of the invention have a -~fcjh density of antigen. 

Sxarr^yUJ^of AS-1-treated Ceils to_Generate a CT L Respond In Vh,n 

We have discovered that ceils treated with a TAP AS oligonucleotide and an 
appropriate peptide are able to stimulate a CTL response in vivo and provide 
protective .Immunity in an animal model of disease. Tumor ceil lines and cells in the 
adherent fraction of primary splenomas were washed ana treated with AS-1 or 
control oligonucleotides and LIPOFECTiN™ (1:1 (w/w) DOTMA DOPE) as described 
above. The cells were then washed and resuspended in iMDM containing 10% FCS, 
■ tnen irradiated at 20,000 rad (for E.G7-OVA and EL - ceiis), 7,500 rad (for RMA 
ceiis), or 3,000 rad (for sptenocytes:. The ceil:? were washed once and incubated with 
the OVA peptide or the controi peptide HP (H-20 8 ) for 4 hours at 28°C in IMDM 
supplemented with 10% FCS and i rr,M -odium pyruvate. After 4 hours, the cells 
were washed twice and resuspended in PSS before being injected into mice. To 
irnmuni - a naive, syngeneic C573L/6 mic,-, 2 x 10 8 AS-1 and OVA peptide treated 
RMA cells or sptenocytes in 500 mi PBS -.ver- injected Ho each mouse. E.G7-OVA 
and EL4 ceils were injected at a level or 5 x ; :* cells per mouse. 

After 7-10 days, spienccytes of the immunised mice were harvested, and the 
samples w*re depleted of red bioco ceiis. Subsequently, 1.5 x 10 7 spienccytes were 
cultured with 1 x 10 s irra-ated E.G7-OVA simulator ceils (20,000 rad) in 5 of 
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iMD = / with 10% FCS. 1 mM sodium pyruvate, IOC : U/ml penicillin, 100 mg/mi 
streptomycin, ana 5 x 10" 5 M 8-msrcaptoethanci per w?v; in ^ 6-wei! tissue culture 
plats. The ceils were incubated for 5 days at 37 : 'C in 5% CG V and effectors were 
. idrvested on day 5 on a HISTOPAQUE™ iC83 gra' : :e:it : which contains ficci-. type 
5 4G0 f and sodium diatrizoate at a density of 1 .083 Sigma, St. Louis, MO). 

Ab-1 treated adherent spienocytes incubated with OVA peptide induced high 
ieveis of lysis of E.G7-OVA target ceils (Fig. 9. line 4). in addition, immunization with 
2 x 10 6 A3-1 treated adherent solenocytes was more effective than immunisation with 
5 x 10 5 i£.G7-OVA ce!;3 (Fig. 9, compo s lines 4 and 3), indicating thai adherent 

■\ 0 spienocytes are more potent than are E.G ■ -OVA ceils -ind suggesting that the density 

of antigen is higher on adherent spienocytes than on E.G7-GVA cells. AS-1 treated 
RMA cells incubated with the haplotype msxned OVA peptide also were strong 
stimulators of a CTL response (Fig. 9. iine 9). The CTL response generated by these 
ceiis was comparable to th": responses generated by E.G7-OVA cells (Fig. ,:. line 3) 

15 and acid-treated adherent spienocytes inrubrrited with the OVA peptide (Fh. 9, line 

7). A weak CTL response .73 s produced ; th adherent spienocytes that we~2 treated 
with The control oligonucleotide OON-1 th'.-n Incuoatea v/; : :h the OVA peptice (Fig. 9. 
iine 5). This response is likely due to -r-3 antigen-presenting capabilities of the 
macrophages and dendritic ceils present si high Ieveis ;n the adherent cell population. 

20 No significant CTL response was detected in mice that were immunized with EL4 

ceils, PBS, or ceiis incubated with the control peptide NP (H-2D b ) Overall, these 
experiments demonstrate that cells that are treated with ;\$ oligonucleotides directed 
against an MHC class ! pathway-associated protein and subsequently incubated with 
hapiotype matched antigen, c peptides can be used to stimulate a CTL response m 

25 vivo. 

Example VIM: UseofAS-tr ea led C eils to Pr ove s immunoorotection in Vivo 

The following in vivo exo^nments provide evidence that antigen-presenting cel.s 
of the invention provico protection against tumor challenge. In these experiments. 
3Q C57BL/6 mice were nmunized once with 2 x 10 s irradiated AS-1 treated ad^rent 

spienocytes or RMA cel!s : or with 5 x 10* E.G7-OVA cr EL4 ceiis. -en days post- 
immunization, rr:;c3 were challenged with 2 x 10 7 live E.G7-Ov>. ceiis injected 
subcutaneousiy into the flsr.k region: this dosage of iive tumor cells is cap^:;!e of 
causing tumors in non-immur:.::ed mice. Mice were monitored for tumor growth snd 
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tumor size, and mice having tutors 3,5 cm In clamper were sacrificed. All survivor- 
were sacrificed at 40 days post-challenge. 

As negative controls, mic* were inoculated wit,-. :a) PBS, (b) EL4 calls, cr • 
adherent splenocytes treated with AS-1 and an influ-nza nucieoprotein (NP) pept'oo. 
Within 10 days, all 5 of the mice in each of the negative control groups (PBS. :: iL4 
cells, and Adh.splen./AS-1+NP: Fig. 10A, bars 1, 2, and 5} developed tumors of 3 to. 
3.5 cm in diameter, in contrast, protection from tumor challenge was evident in ail five 
mice that were immunized with adherent AS-1 treated splenocytes ;hat had been 
incubated with a hapiotype-matched OVA peptide (Fig. 10A ; bar 4). Four of these five 
mice (represented by dots in the figure) ware completely protected from tumor 
challenge during the course of th- 35-day study (Fig. 108, bar 4) The tumor in the 
fifth protected mouse developed slowly, reaching only half the ;;-ze of the tumors of 
the unprotected mice. 

Protection against tumor challenge was also eviden-: tor mice hat were 
immunized with AS-1 -treated RMA cells that had been incubated with a haplosype- 
!natched OVA peptide (Figs. 10a and 108, ;-r 6... Two of these five -vce were 
compietely protected against tumor formation. 35 days, the tumors that developed 
in the emaining thre-,, (Fig. 10B. bar 6) mice were substantially smaller than the 
rumors of control mice (Fig. 10B. oars t 2, and 5). As was the case in the in vitro 
experiments, the ireaied ^Jhereni splenocytes generated the most potent immune 
response in vivo. These data provide evidence of a correlation between :he in vitro 
and in vivo results, in this example. 2 :< 10 6 AS-1 treated adherent splenocytes again 
are m^ e effective than are 5 x 10 s E.G7-OVA ceils .compare Figs, 10A and 108, 
bare 3 and 4) ; even though E.G7-OVA cells are high; , immunogenic and abie to 
: nduce immunity against tumor challenge. Genera: /, a single immunization with ] : 5 
;:ve E.G7-OVA ceils, or three immunizations wrh ; x 10' irradiated ceils, elicits a 
strong CTL response and provides complete protervon from it,.:; or challenge with 2 
x iive E.G7 OVA cells, in yum, these experiment demonst; .ue that ceils that sre 
irziisd with AS oligonucleotides that inhibit express on of sn Mr!C class I anc which 
subsequently are incubated with a haplofcype-ma^T.ed peptide are potent stimulators 
of CTL responses in vivo. Using >;his animal mc^< of tumongenesis ; the ceils of the 
invention inhibited or compietely r;->ented tumor formation. 
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Example IX: Use nf a Proteasome inhibuor i n Produci ng an Antigen Presenting CeS! 

This example demonstrates that a prcteascme inhibitor can be used to inhibit h-e 
activity of an MHC class 1 pathw^Y-associated component in the production of potent 
antigen presenting ceils. In this example, (he activity of an MHC clasc i pathway- 
5 associated component was inhibited by contacting 2.5 - 5.0 x 10 s precursor-derived 

dendritic calls for 1 hour in 1 ml in a 24-wel! piate with th- proteasome inhibitor 
MG132 at concentration of 700 nM (Myogenics, inc., Cambridge, MA). The cells 
subsequently were contacted with antigenic peptide at a concentration of 50 pg/rni 
and p2 microglobulin (3 jjg/ml) for 3-5 hours, thereby producing antigen presenting 
• 1 0 ceiis. In this oxampir. the peptics had the amino acid sequence CINGVCWTV (SEQ 

ID NO: 15). which corresponds to amino acids 1077-1085 cf the NS3 protein of 
hepatitis C virus (HCV). Tbn resulting antigen presenting ceiis are ceferrec to as 
DC/MG132-HCV pep. 

For comparison antico . presenting ceils n.iso were produced by using th - : 1 'C V 

15 peptide to contact pi acursor-nenved dendritic calls that had not been exposed to the 

proteasome inhibitor. The resetting cells are ererrsd to as OC+MCV pep. Also, for 
comparison, antigen presenting ceils were proceed by contacting precursc; -derived 
dendritic cells with an £pste!r: Barr virus (ESV) peptide having the amino ac;d 
sequence CLGGLLTMV (SEQ 10 NO: 16), which corresponds to amine cicids 426- 

20 434 of LMP2A protein. As above. 2.5 - 5.C >; 10 5 cells were used anc the peptide was 

used at 50 pG/mi. i he resulting ceiis are referred to as DC+EBV pep. In each case, 
the precursor-derived dendritic cells were pulsed with peptide in the presence of 5 
pg/m! P2-microgiobuiin. Although the £2 microglobulin is optional it is preferred that 
[32 microglobulin be included. 

25 The various antigen presenting cells (DC/MG132~HCV pep, DC+HCV pep, and 

DC+E3V pep) were used, separate 1 ;.', .as stimulators in the induction of primary CTL. 
The PBMC used >:o produce CTL were obtained from HLA-A2 individuals ann were 
autologous to the precursor-derived dendritic ceils that had been contacted with 
antigenic peptide. CTL incic Aon was performed by contacting PBMC at d 

30 respondenstimuiator ratio of "Ah ' ; n the presence of 10 ng/ml IL-7 and 20 U/rn! !L h 

Cells were expanded for twelve cevs. and on day 12 : CD8 + ceiis were selects:.; a;:c 
cultured in the presence of \L--i ' - 0 U/mh for 48 hours. On day "4 CDS* blasts wer--- 
re-stimulated at a respondersro-ooj^or ratio of -OA in the presence of IL-7 and !L- 
Aftera total cf 20 days ;h cultures the -eiis (at 37° C), CTL were assayed forth-' 

35. ability to lyse target ceil?. 
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In the CTL assays, the target cells were T2 cells that had been poised with 50 
gg/ml of HCV peptide (Fig. 11 A) or 50 pg/m! EBV peptide (Fig. 1 1 B) (see Salter et al., 
Immunogenics 21:235-246). Dendrtic ceiis that were contacted with MG132 and 
HCV peptide OX/MG132 HCV pep) stimulated a mere potent CTL response against 
> target cells that contained the HCV peptide than did dendritic ceils that were not 

contacted with MG132 (DC+HCV pep; Fig. 11 A). The negative control ceiis 
(DC+EBV pep) did not stimulate a significant CTL response. As is desired, the CTL 
response generated by the ceiis is specific for the antigenic peptide used to pulse the 
cells. When target ceiis containing EBV pepriae were used, dendritic cells that were 
pulsed with EBV peptide {DC+EBV pep) stimulated a CTL resoonse, whereas 
dendritic ceiis that were oulsed with HCV peptide (DC/MG132-4-ICV pen and 
DC+HCV pep) did not stimulate a significant CTL response - Fig. 11B). in sum, this 
example demonstrates That a potent antigen presenting ^oii can be nvoduc ,d by (f) 
inhibiting an MHC class I pathway-associated component ay contacting a c.M\ with a 
1 5 proieasome inhibitor ,=nd (in contacting the ceil with «n antigenic peptide. Such a cell 

can be used to stimulate a potent antigen specific CTL response. 
Use 

The invention provides a method for j?nerating a cell that beam a preferred 
antigen at an increased density on its surface snd such ceil can be used to stimulate 

10 a ponnt CTL response. The comparative assays summarized above suggest that the 

antigen is present at a high density on the cells of the invention. Generally, an 
antigen that constitutes greater than 10%, preferably greater than 20%, of all peptides 
on an antigen preserving ceil is considered to be»pre"sent at a high density, The 
antigen-presenting celi(s) produced with the invention can be used to stim ::!ate a CTL 

>5 response in vitro or in vivo. Where the antigen-presenting ce-i of the . <venticn is 

administered to a mamma!, the call is useful ror eliciting ?. celi-mediaied immune 
response to th • .;el! surface antigen, and thus the antigen-presenting cell can be used 
as a vaccine or a therapeutic in treating a wide variety of disease svates. Thus, the 
invention induces, bu: is not iimited to, methods for treating cancers (e m, malignant 

0 tumors >:r carcinomas such as melanomas, breast cancers, ?-nd coicr:::::^i cancers). 

Also inciuae-j are methods for treating a mammai infected wltn pathogen such as 
a bacterium {e.g.. Salmonella, Shigella, or Enterobacion or virus (em. : a human 
immunodeficiency virus, a Herpes virus, an influenza virus, a pmi::myeiiiis virus, a 
measles virus, -a mumps virus, or a rubeiia virus). 
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in treating a mammal afflicted with a disease or infection, it Is not required that 
the eel! that Is administered to the mammal be derived from the mammal. Thus, the 
antigen-presenting cell can be obtained from a'matched donor, or from a av-'v -re of 
ceils grown in vv • Methccs for matching hapiorype-- ar=,- Known in the art. 
5 it is preferable (hat treatment begin before or at the ensav of disease or infection, 

and continue until the disease or infection is ameliorated. In treating a mammal with 
3 ceil or vaccine produced according to the invention, me optimal dosage or the 
vaccin- or cells defends on factors such as ;he weight of :■: \e mamma!, the severity 
of the dCease, arse rhe strength of the CTL epitope. Prior io administration of ceils 
. 1 0 that were maintained in vitro, ^e ceils generaiiy are washed with PBS to remove rne 

culture medium. Generally, a dosage of 10 s to 10 s ceils/kg body weight, preferably 
10 6 to ■:(? ceils/kg body weight, is administered in a chafrnaceuticaily acceptable 
excipie.-.t to me patient. The antigen-presenting ceiis r:an be administered using 
infusic techniques commonly used in cancer therapy (s-e, e.o s Rosenbem et at., 
15 New Eng. J. - Med. :>19:1575 ; 1988). The optimal dosage and veatment regime mr 

a particular patient can readily be determined by one skilled me art of medicine by 
monitoring -r .•■ oatient for v.gns of disease and adjuring the \-eatment accordingly. 

Where the antigen presenting ceil is used to induce a CTL response ^ vitro, the 
resulting elector CTLs csn subsequently be administered to a mammal in a CTL- 
20 based method of therapy ^ee ; e.g., PCT/US91/06441). CTL orctiuced in vitro wren 

the antigen preser-ng cells of the invention can be admi-istsred in 3 
pharmaceucicaily acceptable excipient to a mammal by employing conventional 
infusion methods (see. e.g., Rosenberg et a!,, supra). Typically. ;Q 9 - i0' c ceiis are 
administered eve-- rhe c-urse of 30 minutes, with treatment reseated as necessary. 
25 Such a CTL-based method of therapy may be combined with :. h er methoc:, such as 

direct administration of the an-igen presenting ceiis of the inversion. Tm : . CTL and 
antigen presenting ceiis may be autologous or h«terciogo'js to the mamma! 
undergoing therapy. If desired, the treatment may Cso include administration of 
m^cqens (e.g., phyto-hemsggiutinin) or lymphokines ->.. !L-2, 1L-2. and/or H -4) to 
30 enhance CTL proliferation. 
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SEQUENCE LI3TIMC 



(i> GENERAL INFORMATION; 



:.'-) APPLICANT: Duke University 

;ii) TITLE OF INVENTION : A METHOD TO INCPCLftSE THE DENSITY OF 
ANTIGEN ON ANTIGEN PRESENTING CELLS 



(iii; trjMBER OF SEQUENCES: 16 



(ivj CORRESPONDENCE ADDRESS: 

(A) .^DRESSES: Fish £ Richardson ,L C . 

(B) T-TREET: 225 Franklin Straet 

(C) • M'TY : Boston 

(D) :.:TATE: MA 
<E} COUNTRY: USA 
{FJ 02110-2804 

(v; COMPUTER .aSADABLE FORM: 

(A) MEDIUM TYPE: Floppy -iisk 

(3) COMPUTER: IBM PC compatible 

■:C) OPERATING SYSTEM: PC -DC S / MS -DC. 

iD) . S OF "WARE : Patentln Relets #1- - Version -.,. 30 

(vi) CURRENT PLICATION DATA: 

(A) APPLICATION NUMBER: PCT/"L.;96/ 
(3) FILING DATE: 20 August: UOS 
(C) CLASSIFICATION: 



{vii} PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/517.373 
<B) FILING DATE: 21-AUG-19S5 

(vii L) ATTORNEY /AGE NT INFORMATION: 
{A) NAME: Clark, Paul T. 

(B) REGISTRATION NUME51R: 30, V : 

(C) REFERENCE /DOCKET NUMBER: j S765/C 9WQ1 

{ ix ) TELECOt-S-tUNICATION INFORMATION : 
<A) TELEPHONE; 617/542-5070 
(3) TELEFAX: 617/542-8906 
JO) TELEX: 200154 

(2) INFORMATION F07; 'SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
\3) TY?~ : nucleic acid 

(C) u ; T?vAND3DNESS : single 

(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEC ID HO:-: 

AGGGCCTCAG staggacagc GCCAT 
25 

! Z) INFCCi-jATION FOR SEQ ID HO::/. 

5 (i) SEQUENCE CHARACTERISTICS, 

N ' (A) LENGTH: 25 base pairs 

<B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(V) TOPOLOGY: linear 

0 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : ' 

GCAGCAGGA? ATTGGCATTG AAAGG 

25 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i? SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 base pairs 
<BJ ;:YPE: nucleic acid 

( C ) 3 TRANDEDNE S S : s ingl a 

(D) TOPOLOGY ; linear 

(xi) SEQUENCE DESCRIPTION SZQ ID ^0:3: 

C GAG AAG C T C AGCCATXTAG GG 
22 

i?) INFORMATION FCK SEQ ID NO ; 4 : 

(i) SEQUENCE .. HARAC TER ~ 3 T I C S : 

(A) LENGTH : 27 bass pair? 

(B) TYPE: nucleic a-.:id 

(C) STRANDEDNESS: single 

(D) TOPOLOGY': linear 

(xi) SEQUENCE DESCRIPTION: 3EQ >ID NO . 4 : 
CACAGCCTCC TTCTGGTTGA GTGTCTT 



.: INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
(A> LENGTH : 27 base pairs 

TYPE: nucleic acid 
iC) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(xi; SEQUENCE DESCRIPTION: SEQ ID 'JO- . 5 : 

A7CATCOAGG ATAAGTACAC ACGGTTT 



(2) INFORMATION FOR SEQ ID NO : 6 : 
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U) SEQUENCE CHARACTERISTICS: 
(A; LENGTH: 23 base pairs 
{3) TYPE: nucleic acrid 
iC) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

Ui) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

TCTCAGGTCA GGGAGCGGCA TCG 
23 

(2/ INFORMATION FO^ SEQ ID NO: 7: 

<i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 

(E) TYPE : nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

ixi) SEQUENCE DESCRIPTION: 3EQ ID : 7 : 

GTC7ACATCG CTCCAGGGCC "CCTT 

c5 

( :•• ; INFORMATION FOR SEQ -;D NO: 8; 

{ SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 25 base pair., 
(3) TYPE: nucleic acid 
CO STRANDEDNESS: single 
(D) TOPOLOGY; linear 



SEQUENCE DESCRIPTION: SEC ID NO: 8: 

ACGAAAAGGA GACGTCTTGG AATTC 
25 

(2) INFOR^.TION FOR UEQ O NO:9: 

(i) SEQUENCE CHARACTERISTICS : 
.'A; LENGTH: • • ;.. case pairs 
(3) TYPE : nucleic acid 
<C) . GRANDE DNE :•■ S : single 
<D) OPOLOGY: linear 

(xi> SEQUENCE DESCRIPTION- SEQ ID NO: S: 

TACCGCGACA GGATGGACTC OOGGA 
25 

\2) INFORMATION FOR 31-.. ID O ; 10 : 

(i) SEQUENCE CHARACTERISTICS : 
*'A) LENGTH: 4 aiui.ao ^co.ds 
{3) TYPE: amino ac; d 

(C) STRANDEDNESS: r-- ral^^n; 

(D) TOPOLOGY: U-^r 

M.1) MOLECULE T::?E: protein 
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(xi) SEQUENCE DESCRIPTION: S£3 ID NO. 10: 

Leu Leu Val Tyr 
1 

:2) INFORMATION FOR SEQ ID NC : 11 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: amino aciils 
£B> TYPE : auiino aci^ 

(C) 5TRANE\\0NSS3: not raieva;:!: 

(D) TCPOLCGY; 



MOLECULE TYP2 : p^pride 

(xi) SEQUENCE DESCRIPTION : SEC ID N'? : 11 : 

Ser He He Phs Giu Lvs Leu 

1 5 

(2) INFORMATION FOR SEQ ID N: ' • - 

(.1; SEQUENCE CHARACTER! -M I I. 

(A) LENGTH: 8 ?-.dno ac.:;; 
(3) TYPE : amiro 

(C) STRANDEDNE3S : no: relevant 
CD) TOPOLOGY: ii;;;-:: :. 

(ii) MOLECULE TYPE: p^pci;^ 

(xi) SEQUENCE DESCRIPTION: : ^EQ :D NO: 12: 

Ser Asp Tyr Glu Gly Arg Leu II -■ 
l 5 

INFORMATION FOR SEQ ID NO:ij: 

<i) SEQUENCE CHARACTERISTICS: 
■A) LENGTH: 9 ^nino aczds 

(B) TY7E : amino acid 

(C; STRANDEDNSSS: net rslsv*;-:. 
(D; TOCOLOGY: Ii 



(ii) MOLZCC1I TYPE: .peptide 

(xx) -sEQUENC. DESCRIPTION: ID NO; 13: 

Thr Tyr Gin -~g Thr Axa Ala Leu Val 
1 5 

(2) INFORMATION r?rr-\ SI. : ID NO: \ i: 

(i) SEQUENCE CIIAF.-.CTERI-STIC^ 

(A) LENGTH: a^ino aci- - 
<B) TY?£ : oiaino ^cid 

(C) STPANDEDNES3 : not r- .n*ant 

(D) TOP.. ,OGY . ' ..n*r r 
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(ii) MOLECULE l-YVZ : peptide 

(xi) SEQUENCE DESCRIPTION: SEQ TZ NOil4: 

Ala. Sar A;.:,m Glu Asn Met Glu :-«r 
1 5 

(2) INFORMATION FOR SEQ ID NO: 15:. 

<i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amine acids 
(3) TYPE: amino acid 
;C) STRAN££DNESS : not relevant 
\D) TOPOLOG;:": linear 

■;ii) MOLECULE Tx~Z: peptide 

\x±) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Cys lie Asn Gly Val Cys Trp Thr Va 
1 5 

(2) INFORMATION ^CR ID tfO:16: 

• ; SEQUENCE CHA"ro.-.JTERISTICS: 
(A j LENGTH: ■ -;ainc acids 
(B; TYPE : a^i.;..--:.o acid 

(C) STRAtTDEDlT^SS: not relevant 

(D) TOPOLOGY : linear 

{ii) MOLECULE '.CTZZ: peptide 

(xi) SEQUENCE 3 CAPTION: SEQ ID NO: 16: 

Cys Leu Gly Q / Lau Leu Thr Met Val 
I 
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What is claimed is: 

1 . A method of altering me presentation of a peptide wnich is contacted with 
a ceil, said method comprising lnhib!;;ng activity of an MHC class ! pathway- 
associated component -n said ceil prior to contacting said cei! with send pec-:;de 

2. The method of claim wherein said MHC class i pathway-associated 
component is s TAP protein . 

3. The metnoc; -f claim 1, therein -.jid-MHC ciass i pathway-assocatec 
component is a LMP -"."otein . 

A The method of clslm 3, v-'ierem ssrd LMP protein Is selected Tom The 
group consisting of LMP 2 .:nd LMP 7 . 

5. The method -f claim 1. wherein said MHC ciass ! pathvvay-asso-:;atad. 
component 3 heat shock protein . 

6. The method of ciaim 5. wherein said heat shock pror^n is selected from 
the group consisting of gp 95 ; HSP 90, and HSP 70 

7 i Vie method of claim 1. wherein said MHC cass \ pachway-associated 

component is a prcteasome. 

8. Tne meihrd or claim ." . wherein said proteascme is a 26S proleasome. 

9. The m5t::oc of ciaim 7 ; wherein said proteasome is a 2uS protaasorv^ 

10. A ceil produced by xh* method of claim 1 . 

11. A cell containing an antisense oligonucleotide that educes expression 
of an MHC ciass \ pathway-associated ;:;"otein . 

12. A ceil containing an antis~nse gene that reel-. --as the expression of an 
MHC ciass ! pathway-associated protein . 
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1 3. The method ; f claim 1 , wherein said inhibiting comprises introccc;: ;g inio 
said ceil an antisense oligonucleotide that is compiementary to all or a portion -J 
*n mRNA encoding an MHC class i pathway-associated proie!". thereby inhibiting 
translation , c said MHC class i pathway-associated protein . 

14. T--:s method of claim 1, wherein said inhibiting comprises expressing in 
said cell an antisense gene that encodes RNA leal is complementary tc ^i! or a 
portion of a mRNA encoding MHC ciass I pathway-associated protein, hereby * 
inhibiting translation -:A said MHC ciass I pathway-associated pntein . 

15. The method of claim 1, further comprising administering said cMi to a 
mammal infected with a pathogen . 

IS. vaccine comprising the cell of c;a;m '0 and a oharm-o-eulics .7 
accec:abie excipienc . 

The me-od c; claim 2, wnerein said TAP prolan comprises TAF- i . 
IS. r he method of claim 2, wherein so;d TAP protei" comprises 7AP-2 . 

19. The method of claim T wherein said eel! is a T lymphocyte . 

20. The method of claim 1 , wherein said ceH is an RMA cell 

1 1 . The rne-hed of claim . wherein ^a;d ceil is a-n ^freren: or non-adherer.; 
sp!enocy;-.e . 

22. The method of claim 1 , wherein said cell is an aonererz non-adherent 
periphery; blood mononuclear ceii . 

23. fhs method of ~ -im 1, wherein saio o~:\ is a dr;"cntic „c!! . 
24 The method of claim T vherein said cei! is a macrophage . 

"'5. Too msihod o f -wr, 1, wherein said ceil is a ceil of a thymoma 



WO 97/07128 



PCT/US96/13457 



-36- 

26. The method of ciaim 13. wherein said antisense oligonucleotide is 
between 25 and 30 nucleotides in length and comprises the sequence 
5'AGGQCCTCAGGTAGGACAGCGCC - T3 : (SEQ ID NO; 1) 

27 The method of ciaim 13, wherein said aniisense oligonucleotide is 
between 25 and 30 nucleotides in length a; ;d comprises rr.c sequence 
5' G C AG C AG G ATA7TG G C ATTGAAA G G 3' (SEQ ID NO 2) . 

28. '"he method of ciaim 1, wherein said-peptide a polypeptide of 5 to 15 
an-\no acids composing a portion of a protein natural!-- bxp-esseo by a pathogen 

29 The method of claim 1, wherein said c^ii is : 3 lymphocyte . 

30. The method of claim 1, wherein said peptide \$ a ^mcr-specific antigen 

31. T' method of ciaim 1, wherein ss-d inhibiting carr;n--ns Introducing inio 
said cell 3 ; ?noy RNA that binds to an MHC ciass ! pathway ,--.33ociated protein 
arc; inhibus -he function of said pro:ein . 

32. The method l- ciaim 31, wherein said MHC ciass ! pathway-assoc'sted 
protein is selected from ihe group consisting of TAP proteins and IMP proteins 

33. The mer : od of ciaim 1 : wherein s©.v; ir.nibiting ccrnonses introducing into 
said ceii a ribozyrne that specifically cleaves mRMA encoding an MHC ciass 
! pathway-associated protein, thereby inhibitinq translation or said MHC ciass i 
pathway-associaced protein . 

3-. he method of ciaim 33, therein 5«,d nOoz-me comprises 3 
hamme;-e;i ribozyrne . 



WO 97/07128 



FCT/US96/13457 



-37- 

35.. The method of claim 33 ; wherein said MhC das- : -oathway-associated 
component is selected from the group consisting of TAr oroteins 2nd LMF 
proteins . 

33. The method of claim 1, wherein inhibiting co.mcnses contacting said cell 
with 3 proteasome inhibitor. 

37. The method of claim 36, wherein s-aid p.-oieasorne Inhibitor* is seiected * 
fro- the group consisting of LLnL, MGH5, MG132, CEP690, CEP150S, 
CEP i 51 3 { CEP1612, and laciacystin. 

3--.. The method of claim 37, wherein said proteasome inhibitor is MG132 . 

39. A method of treating or preventing csr;::ar in a mammal, saic: -method 
•jomprlsinn 

inhibiting active of an MHC ciass i pathvvsy-isscciated component in a ceil; 
conra-ting said cell -vith a tumor-scecific antigen, thereby producing an 
antigen presenting ceil; and 

administering saic antigen presenting cell to mammal . 

40. The method of claim 39, wherein said MHC class i pathway-associated 
component is a AP protein . 

41 The method of ciaim 39. wherein said MHC ijhsss ! pathway-associated 
component is a LMP protein. 

42. The method of ciaim 39. wherein said i\HC class i pathway-associated 
component is a proteasome. 

A method for stimuiathc; proliferation of s r lymphocyte in vitro, sad 
method comprising contacting said T lymphocyte w::n ine ceil ■-■f claim 10 
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4--i. A cytctcxic T lymphocyte crock;., ; oy 

inhiDlting activity of an MHC class ! o: .■.■.vay-associa-.-d component in a ceil; 
contacting said ceii with an antigen, -r. ■ -.:;by producing ^n antigen presenting 
ceii; ana 

contacting a T lymphocyte wUh said antigen presenting cei! in vitro, thereby 
Deducing a cytotoxic T lymphocyte . 

45. The method of claim 44. wherein said h/\rW.. class 1 paihway-associated 
component Is a TAP protein . 

46. The method of claim 44, therein said MHC class i pa-hway-asso^ated 
compcv .;;nt is 3 IMP protein. 

47 The method of eJaim 44, wherein said rvir-: . c!a i pathway-associated 
■j opponent is a prcieasome. 

4 A method fo r treating a mammal infected with 3 pathogen, said methoa 
comprising adminisrenng to said mamma! thv; cytotoxic T lymphocyte of dsim 44 

49 A method ror treating cancer in a mamrnai, said method comprising 
administering to said mammal the c otoxic T lymphocyte of claim 44 . 

50. The method of claim 36, wherein the prcieasome inhibitor is CE -1S01 . 
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Grous TV, claim 16, drawn to a vaccine. 
Group V, claims 31-35, drawn to the use of decoy ZfrA. 
Group Vi, claims 36-33, 50, drawn to the use of proieasome inhibitor. 
G ro u p V 1 1 , cla in: (' s ) 39-42, dra^r. to a merh od of irea tin % car. c e r . 
: >o»ip vni. claim(s) 43-49, drawn to a method ibr stimulating wxiiiir- ratio;* c-TT-cl-IIs. 

, The .uiv;:,*:»ion3 lis ted Groups (-VIJI do not reiati to a zin$h.- -;\venL , concept ■■ -dc.r PCT Ruic 13. I because. U:c 
PCT Ruic 13.2, they lack the same or corresponding special technical :;uurss for die following reasons. 

Groups I-Y'.il lack a special lechniw- feature <■.:>■: -i. TAP proicu? was know- ; n the art a' the time of ssclicajit's nrioriiy 
| dace to * fleet MHC clas3 i presentation, and the art recognized that modiiiati-jn of TAP levels could modular :hc 
I effectiveness of antigen presentatv- • 'Ca^at-l-oman. ah Burcycm JiKiv^i of Immunology, vol. 23, 1734- 
i7SS T i993). 
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